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(54) tam©^] m&m\z&nfr&£m®Mft®mmmm£V*ost&i3m 



C:0.01M).08%, Si : 2.0%OT. Mn:3.0%OT, P: 
O.MWT. S:0.02%OT, Al :0. 005-0. 20%, N : 0. 
02%WT&£lAf:0.01M).5%£^rU VtC 
0. 5x C/12S V/51sS 3 x C/12&& MfiSSrMrt: L . 
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limmi ] «S%-CC:0.01-0.08%. Si : 2.0%W 
T. Mn:3.0%WT. P:0.10%OT. S:0.02%OT. Al: 
0.005-0.20%. N : 0.02%iaTi5<J:t/ f V:0.01-0.5% 
£-£#U VfcC#'. 
0.5XC/12^V/51^3XC/12 

l%ULh<7)-?7H^-'M hffl£llrtf332;fflfc*>f>&&fi 

[|ff&B2 ] «4%T*C =0.01-0.08%. Si : 2.0%lil 
T. Mn:3.0%WT. P:0.10%tTF. S:0.02%UIT. Al: 
0.005-0.20%. N :0.02%mTfcJ:W:0.01-0.5% 
Zttt&ttljlZ, Nb: 0.001-0. 3% £Ti :0.O01-O. 
3%C0 p *>c7) l S£ fcU 2 «£-£H"C0. 3%OT-&* L . 

0.5XC/12S (V/51+2XNb/93+2XTi/48) S3X 
C/12 

±ffi-c&*7*?4 Mat. emtrnzm-iwrnw 

[M#B3 ] iJEfflRtdniT $ %m%x\ T 
IE 

AH : CrfcJ^'MoCDo 1 Stfcli 2«££H-C2.0 
«»%WT 

B» : Cui> Xl/Hiff)i t>CD 1 a*fe«2«Sr^H-T2.0 
fi*%OT 

[fS^4 ] Jt»%T'C:0.01-0.08%. Si : 2.0%£1 
T. Mn:3.0%JitT. P :0. 10%tTF. S:0.02%OT. Al: 
0.005-0.20%. N :0.02%OTfcif f V:0.01-0.5% 

0.5XC/12gV/51g3XC/12 

Iimm5 ] «%T'C:0.01-0.08%. Si : 2.0%tt 
T. Mn:3.0%iyT. P:0.10%UIT. S:0.02%WT. Al: 
0.005-0.20%. N : 0.02%WTfcJ:lA'V:0.01-0.5% 
£*frt4 b b 1 »C» Nb : 0.001-0. 3% iTi :0.001-O. 
3%<9 3 fc*) 1 «4 fctt 2 «££ff-C0. 3%&T£* L . 



V. Nb. TifcC t#\ 
0.5XC/12S (V/51+2xNb/93+2xTi/48) sS 3 X 
C/12 

«*%t. -Tiuz^AWiiivm^ohnm&i-z 

mm® >o mzmfifzm^mmnmmmmmcom 

m, 

ta 

A»: CrtiJ:VHocO'3^1«*fctt2a*-&tfT2.0 
f»%OT 

BP : Cufci^NicT)^ *>(7)iai^li2aS-^lfC2.0 
«*%WT 

[000 1] 
[0002] 

ttfrntztix^z. 

[0003] ms&mtt-ti ^mmom^mm^ 
h> 7°uxf£B&\Hi±coKMzte. mti&mwmmb 

LT. »^y?7*-P«(rf) (El) 
fci^ffiV^^je^l (YS) tifi&WCS>&. L^L. - 

U T\sXffimi&£fct&bbUz. &iktf5Jitf±n 

ixmmmmtmit ix , y y ? ^rase* 

[0004] rw^l£®ttcofi#«:ffi5fe>J»R«ft^0! 

xTt^. ±fea^ffl««iffi«i. iDItttcov^TliStia 
[0005] . a-^ffl^ii«0 rfi5r^c#< L 
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10650^^8^4, ftffiEM&. S£fiffl*~A 

mmzftomrim*ztix^z,.ifrL%tfL>. z 
mt>m< . {&Mikitme>ti%\\ znUhmKmii 

[0 0 06] ZClZiti. mi£»&tkmJ)Z&m^Ztz 
frnHmk LTJ4. ^H355-100934^$fc|^$il 

ffi^MB$C7)ffiS$:7x5-< M«) -*-Xr 
•fA h (r) c02ffl«tL. «CalS*^rli» 

zmtz^h. z<mmm\xmmm\ l zmtmzr 
mti. %e>izmmj]i>&\\ u>>u zmmx- 

14 . MnaMk«fc«> a - r <0 2 ffl^fc V > 3 JtKWBaT* 

msconmmfiimx'b o . zwzthmmmm^ 

[0007] Jo^T. 1*^F1-35900^«-Ctt, 0.012 
«*% C-0. 32«*%Si -0. 53»4%Mn-0. 03S*% P - 

o. 05i«*%Ti nas&yMiimiBBBt* <* - r <o 2 *m 
x-h h 870-c iztmtk. icxrc/ s w^saBi fctzxft 

Wt&ZblZi. 0 . r=1.61. YS=224MPa.TS=482MPaO# 

tfW&^ffik%&mfitfffl*ZtiX I M> . L*> Uttf 
fe. lOOC/sfcv^itv^fflBMEii, a«<o^5/'i 
•y hftfflX-im&X'ZZ^tilib. AitiLktiMffiWiSSmt 

[0008] 

[%w»*t«t o t-rmm ±k^s 

[0009] 

[IWi*lif»-t6Jtft^#a] #f& B J3££>{4. JkELfc 

fctfct. c**ftt<oBMfitrv*^ra<o3ijE€*04 
4 i k t J: o Sf r mmt>tL& z 

t. ttzmma-r^mAztmthzbizz 



[0 0 1 0 3 *IHIi#4>* t fi : ofca£S8fi^3r|gi»S 
*fcOV^TR9!t*. «*%T\ C :0.03%. Si : 0.02 
%. Mn : 1.7%. P : 0.01%. S : 0.005%. Al : 0.04 
%. N : 0.002%. Mo : 0.15% U ZtllZ 

V 5:0 . 03-0. 55»M%<7)ffiHT^Jirt h Z b t J: o T . 

^sv^4*irfi.a«ov-bA'-to^-c. 12 
arctjiafe-^fta, tt±ffiffii*7fig#'9oo'c,s: 

4d£3vN°XEg£ffoT&J¥4.0mmfcL7t.ftfc. ft 
±B£**7f*. 3>f;HSK0«Hlfc LT650'Cx l hO 

ffiSrSSLT«Wl.2mmt Lfc.r?HT, ZKh^UWi 
t. 850°C-C60s^H*g^#6^SfeL3t^. 30'C/scT) 

[00 11] »6*ifciWHWR:ovvc. §l5Sst^Sr^ 

fc45jjtfrm ( r D ) iswm&mk&m. ( 9 os) ^ 

l"l ( r e ) «0T^rffl{ = (r L +r c +2Xr t )/4!t 

[ 0 0 1 2 ] 111 {4. S3^7 7*4><7)V#W»* { r«i:^ 
Jt (=»WE0 (YS) /^I5S03S§ (TS) xioo (%) ) 

CtHmcomTit ( (V/51) / (C/12) ) T'&O. 
««M4Hli:RttJtt=±Tt:WrC5rr. 01*^. S3 
^.77"4>0 V#*Ji$- C k cOS^JtK LT0.5~3.0OK 

n. o mzmitzmismm&mt)<$mm&tfwm 

[0013] *^^^®S3«t'(S. S^S«#6bu^(4 
H»C*jJ:VNjWjI^< . illl)Bfe B B m-^«Si*^< 

*-xft^ hmzzmzmitt&zkizz; o , 

[0014] zzx\ mMimmmmmt lxhh 
TinxmbX'ohm^vizmsuz.i-^h-h. vm 

«-rc02ffl$T'cOM#6C4 9. ?r- 

Bmctmt>tihzb&&M.Lt:. mix. zmm. 
{4. vfoftftfo^wmizZLthtiK Nb. Ti^a^asairt- 
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[0015] *mu. ±ie itemiz&^z . § ^ 

( 1 ) K»%TC:0.01~0.08%. Si : 2.0%OT, Mn: 
3.0%WT. P:0.107JilT- S:0.02%iMT\ Al:0.005- 
0.20%. N :0.02%WTiS J: tfV: 0.01-0. 5%£#* 
L. *>0. VtCA\ 
0.5XC/12^V/51g3XC/12 

ffliS^«cJ«-|,ffia*T'l%ULhcOv;l,x>-^ MB 

[00 16] (2 ) ®*%T"C:0.01~0.08%, Si : 2.0 
%&T. Mn:3.0%lXF. P:0.10KJ31T. S:0.02%& 
Ts Al:0.005-O.20%. N : 0.02%iitTfcJ:t/ r V:0.01 
~0.5%£-&3Tt&i:fc t>f=. Nb : 0.001-0. 3%iTi:0. 

001-0.3%^ *» co iaifc{i2«&£ti-"ro.3%jaT 

0.5XC/12S (V/51+2xNb/93+2XTi/48) ^3X 
C/12 

zmmmtiL. mmmmizFenxt/^imm 

[0017] ( 3 ) ±niimMnixz ^ 
x\ Tmz7ji-fAm}5X.v : Bm<7)d*><Dimttdi2%i 
i^thztmWitthiM ( i ) xi± ( 2) tcie 

IS 

AM : CrfcilXMoCO ^ 1 S3 «22 «££f|"t-2.0 
MXJ21T 

BSf : Cufc ilA'NiCO d 1 8* fcH2 «£-MtT'2.0 
«%WT 

[00 18] (4 ) 1ti:%T"C:0. 01-0.08%, Si : 2.0 
%WT\ Mn:3.0%KT. P:0.10%UT\ S:0.02%fcl 
T. Al:0.005-0.20%. N : 0.02%OTfcJ:y r V:0.01 

~o.5%£-t-3ru VtCA\ 

0.5XC/12gV/51g3XC/12 

zm&mtzi. mmmnmzFe&xvT^m®^ 
mwrnuzKiMxy?*, mamt. mmm 
muz®, mmzmi. zm. a c1 -a c3 £?bi6 
^mmxmmmmti z t zmmtti . mmmz 

[00 19] (5) H1%TC:0. 01-0.08%. Si : 2.0 
%0T. Mn:3.0%WT. P:0.10%WT\ S:0.02%iit 
T, A1:0. 005-0.20%, N : 0.02%m~FfcJ:tfV :0.01 
-^.5%Zttt&tti>l,Z. Nb: 0.001~0.3%i:Ti:0. 



ooi-o. 3%<7> o t>co l m&tzli 2 SfcltrttT'0. 3%WT 

££U V, Nb. TiiCfctf, 

0.5XC/12^ (V/51+2xNb/93+2XTi/48) g3x 

C/12 

^mmx-mmmm-tztzmmti'i. mwmz 
rnitzm^mwmm^^mmm^mwim. 

[00 20] (6) iX5/ll ±im&izmtx$t> 
fc. ««%T\ Tiet^-rApfcJ;yBS¥coa*>coigf 

s«i2i¥^#wt-s i t ^Sjt-r&tusjs ( 4 ) x 
la 

AM : Cr&£U'VloCDoh<Dim£tzl,t2m$:iiitX'2.0 

BH : Cufc XWiCVo 1oO) 1 a*^<i2aSr^ftt-2.0 
M%WT 
[002 1] 

( TS ) ^'440MPatl±£O^ 0 ttfcfift£«£iffi®I>«5S 

mmmmx-hh. t-r, *mmmmmcom®.zm 
fcUzmmz-o^xmwt h, ms%\±mz%t 

[0022] C : 0.01-0.08% 

hcom^mmmmi&mthTtmx-^ , 

03T1ia^ffl«»)t<7){E^*^O.Ol%m±, J:9*?2L 
<t20.015%&±^-rS<£g#£>£. =5r*3. TS:540MPa 
iiUiOiS5S^b5r^(^-f *«^IC t CJi0.015%W±fc 
tiltA'ffiU^ 0.08%*jBi6^*li, U 
ll>S*SJI*£««£>fftateffl#U «S«9j«»tt£ffi 
T£tf&. iOfcft. C-Mr»i0.01-0. 
OBXteWeUfc. **J. ^ l 9ttOH^*^(i:0.05%a 

[00 23] Si :2.0%felT 

f<O**ft* < 2.0%S:®^l> fc . aSR9tt<95&fc*fB< 
ttttc, ^ffitt«A>'»k-t§„ i<0fc». Si(i2.0% 

[0 0 24] Mn:3.0%KJlT 

<LT. 7x5^( htV^ryt^f hC0lS^ffl^£7)^« 
fcffiJIW* f^ffl fc 0 . nUAffiMtt^SBSK 
iy6t/S*i**S*S<0*«»4Lv\ 4fc. Mi. S 

^rrs smzmtxmmttzitiwfiw & lv\ l*^ 
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3.0%OTfcRR5gLfc.i^ Mn#W»i. 0.5KJyji*W 

<. i»)#*L<ttl.O%ELtCfcS. 
[0 0 2 5] P : 0.10%WT 

P<ilfl*&ftt-Stfffl#£9, J*a<o»*fc:JStT<BSI 
d k P-Sr***«0. 10%£jg;i 

[0 0 26] S : 0.02%OT 

X'b&Ktb. it*mm?&<Mfi#*L< . 0.02% 

OT£<K$t£ k C k#> 

4.. *awcttS*«(40.02%t±IRi:Ufc. fcti. 

<(±0.005%WTT*J>I.. 
[0 0 27] Al : 0.005—0.20% 
AHi. M<^Dtift7cX^ LTSSJnStL, «<o»»**rti± 
(7)fc^ffl^7C*T-S>S **. 0.005%*iST{i» 
OSWfttfSK, 0.2Q%*jB*"C-MrLTt>J: | 5- 

<r>t&>. AUi0.005~0.20%tRS^L/c. Sri*. *&BJ! 
•tfi, AlKKJ^KOBilEfrifefc J: *«f«*ffi*SH»f * 

«o^{ifc/04>IMFS*vf . Ca^REM*|£-£tf»IKt> 

[0 0 28] N : 0.02%OT 
Nil. Hj^^SB^flMtTitR^9S***l«IDS-e-4 
7C^f*S* s , 0.02%SrSS^-C^*-fl»i:. Sffig+ttg 

tt&ntfKMX'b*). £<omt<te. 0.004%lilT 

k-fs. 

[0029] 

V : 0.01~0.5%T'* 5 O0.5XC/12^V/51^3XC/12 

fcttffl&c £ v*ft!ftk LT *t ttJS^-r & i k t= J: *) . 
{111} W3 B B B m£ffl«i£f£«£tfTiS^rffi£f#l> £ fc # 

tfl-.rklciO. 7x54 hk^i^yM hc?)#£ffl 



$£»tl>«lNflS&im££#l>^k#T'#&. -<0<fc5 
*SWWi, v**JbW>.01%«J:, J:9*f£L<<20.02 
%JJLh-C*»o C -i-^Tl: k com&X'0. 5 x C /12 ^ V /51T 
*^)k=5r2.. V-MTftW.5%*lBi6*»ft*V^ 
(iC^rSk£>K$T-V/51>3 xC/12T'J>£k , «- 

fctf>, 7x54 hkvyi/r>"9-4 h*5«£fi»0«f*4>:h. 

<<&•?.. UztfiX. Vfc*r»40.01M).5K-ca» 
O0.5XC/12£V/51Si3XC/12fc:P85£Lfc. V 
/51i£ 2 xc/12k -r&iktf. 7x54 h k vjkf-Vfr 

[ 0 0 3 0 3 *#Jrett, JJELfcfflJftCflD*. 
T. Nb:0.001~0.3%fcJ:yTi:0.001~0.3 
**> d 1 fc« 2 «*£H"C0. 336HT#ff L . 
*o , V*^r* k C t jW) . 5 x C /12 g V/51 ^ 3 
x(/12t*Ji.i-*ii:tfti"C. V, Nb, Ti<0**M 
kCc0^4k* { . 0.5XC/12S ( V/51 + 2 xNb/93+ 
2 xTi/48) S 3 x C/12**W«*»fc-f i k 4 L 

[003 1 ] Nb:0.001~0.3%i3j:VTi:0.001~0.3% 

<0^t>01«4fctt28t-&W-C0.3%JaT**U. *> 
V, Nb, TikCk* 5 , 0.5XC/12S (V/51+2XN 
b/93+ 2 XTi/48) S 3 xC/12fir4B8fiRSri«fc-f i k 

Nbfc j: m i (± v i: mmizmtmms&iiMX'h -> x. 

0, {Hl>mSAII^tti»*5Bi8*T*V^rffl*»S 

^k^x-^ . § - r^mmx-nmrnizimti 

1. m\mmmm^xmmc zzmzt-xri-j 
mtzmitzit, *com>ttimni l zt5^x'?)i'T>y- 

4MEffi§*SC:ktJ:0. 7x54 hkv;Ufv^4 

*. fit, Hb^xm\^±Miti^mt. vtjt^sk 

*«SrO/hSv^«>. «ix574>tv&m&irtl.;k^ 
<, NbW£tf£»Lfc£'ttT'«:, *»BB<^»H"r* 
4S^ l )tt^+^(cS^4^k(it^^v\ 
[0032] ft*«K(4. Vbts£im***tf*tl*ti 
0. 001%ULh-C*^C fc i V£*rft k ^MilT'0 . 5 x C 
/12^ (V/51+2XNb/93+2XTi/48) X'fo&Zt 

tfmy)%zmi-h±xn}£i<<\ Nb*>j:?/Ti 

fci^ttC k V^WMkcoK^T' ( V/51+ 2 XNb/93 
+ 2xTi/48) >3xC/12(O^Wi, a-rc02ffi 
«tfcft«*ft»<?5»»*«i 0 1 < < 7 x 
54 hk^ry-9-4 hO«-&ffl^f ^ntc< <=5r 
4. ItlffiX, Nbfc<fctmovvfft*>l;frO*£» 
-t4*&-ttt, kt>K0.001~0.3%OKfflkL, 
NbfcitAi &«^tthrr««^lc(i. ^ttT0.3%OT 

kL, *^Vt5j:t^Ck<ORI^T-0.5XC/12g (V/51 
+ 2XNb/93+2XTi/48) S3 xC/12^5ffiHtC|®St 
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[ 0 0 3 3 ] *»9rCtt, ±.HLtMX37<n& 
mzMlXZhlz. TfBK^-tASiUtfBS, 

*>, 

Agf: Cr, MoOp*>Ol8*fctt2a*-&fl^2.0%I3l 
T 

BS : Cu. NI«d%«>l«*fctt2»**«'C2.0%Ja 
T 

[0034] AS: Cr, Ho<0d^l8*fc«2a^ 
£ifC2.0%OT 

AS : Cr£J;t/Mott, UffttMn PUtt, 7x7^fh 

PMtt, Cr:0.05%, Mo:0.05%T#>ft. fflU Cr, Mo 
coa^Wia*3tJi2S-C^it2.0%iBx-C^#t5 
fc, WROtfeWKT*-*. AS : Cr, MoCOp 

i as fca 2 a^tm. oxixnzmfet&ow 

[00 353 BS:Cu, Nitf>3"&051«ifctt2a£-£ 
ltT2.Q%ClT 

BS: Cu, Mitt. **3WW6flUBa«fc9. BrH<93ME 

izmix<m&tttz ; t # { T*#ft#*. cu*j * 
mmmxttziim^mtaco^tfxi.oximi^t , 

affi9tt4%fltfftflAtf&&. c:o£#>, Cu, Nittl 
«* fctt 2 ffl££H"C2 . o%ot t -i-hexm ttw 
Srfc. JJE^*»S/ytx>D#* U*Cu, Ni 
TEBfitt, Cu:0.05%, Ni:0.05%T"*ft. 
[ 0 0 3 6 ] fcfc. *^ftt, JJELfcrtaJBW-fc-o 
UTtt, ttiC|R£tTVvS:V^ B, Ca, Zr, REM^Sr 

tt&v\ 

[0037] JJELfc)£#J#1<0^ttFefcJ:lPFTO 
4. ^JSW^DtLTtt, WitfSb. 
Sn, Zn, Ct&tfWfhtl. Zil(>(D^S.(Offmfmt 
LTtt, Sb:0.01%OT, Sn : 0.1%ITF, Zn : 0.01%J2l 
T. Co:0.1^JaT^«fflf*S. 

[ o o 3 8 ] mz. *mmmmmiz^xwf>ji? 

ft. **^«Wfr8ifflKtt, zmX'hhyi-yJ 

[ 0 0 3 9 ] ffijV^tfoETj (YS) tft^gtt (El) 

58WCtt«l«wa«?&. ±fflt*67x5-f MB*. "7 
/H^tM MB*£trS2;fB 



ttAWF1-ft«fl#&ftA^Tj>ft. 
&5£14*«£;riftii£t;:tt, 7x5^ 
85%J2Ltfc U\ its. »£ffl*3«jfii£ 
IffltSfctf). 7x5^ hffltt99%WTi:f ft'i^* J $) 
ft. 

[0040] ifc. m2mtix. wjrett, v^r 
>~»m mb£, &mkmzmimmx'i%&±is:G 

tt, (YS) fcSv^tt (El) 

$itlZttfX'Zfr\ iOML<liv^f^b 
ffittPR^T'3%UU:T'*>ft. SI21Stt. ffll* 

bb»*ti %ti±wv^xy^^ Mat . sdfflt tT-e 

Ml, *-f-M MB. IS*-Xft 
-f httwrtvfrbWAirb IX t J: < , «ffcl8Jg3*i 
3rv>. fcfc'U £*i^t-5-f Mi. MB, » 

e*-xft^ Mitt, wev/i^t-j'im mkoswr* 

J:D^(:^»$ii-ft^. £*n5>tf>ffltf>£ff-*S2ffl 

*#tft&& ottfc«ifc««rc* ft . 

[004 1 ] *»W^)»»a»Rwl8&WSt:ov^ 
TRIBES . *» W)«Jfcfirffit:ffl v \t>lxhmx y y<r> 

ffl&tt, ±«L^^®«HSOffijttll«T'S,ftOt', M 

x 5 y^Rs^a*coRH^tov vc \%mt ft . *»!B<0 

#®$S«tt. ±ELfeffiffll*I<0ffl^S:#tft^X7^ 

mambx-mjmmttm^mmxmt *«& 
mtz\kiz£*)mmztii. 

[0042] m-?lMZy7li. WtW9uWfe 

m&rhtzMzmmmx'mm-hntiWz l^w, 
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